ABSTRACT -This work aimed to evaluate the performance and egg quality of lightweight laying hens supplemented with a high biological value mineral, carbo-amino-phospho-chelates (CAPC), compared with inorganic minerals (sulfates), at different recommended values. A total of 320 Dekalb White hens, between 53 and 77 weeks of age, were distributed in a completely randomized design into two treatments, 10 replicates of 16 birds each. The treatments consisted of a reference diet formulated according to breed manual recommendations, in which one group was supplemented with a trace mineral source, CAPC (Cu, 8.6; Fe, 43.7; Mn, 56.4; Se, 0.34; and Zn, 43.7 mg/kg) and the other with a sulfate source, using the levels recommended in the breed manual (Cu, 8; Fe, 60; Mn, 70; Se, 0.25; and Zn, 60 mg/kg). There was no effect of trace mineral supplementation on egg production variables, feed conversion ratio by mass or by dozen eggs, and eggs per housed bird. However, there was an increase in feed intake and weight and mass of eggs when birds fed diet supplemented with CAPC. Regarding egg quality, CAPC supplementation increased the albumen weight and percentage, shell weight, thickness, and strength, and Haugh unit. The eggs from birds fed CAPC supplementation showed higher levels of iron and zinc when compared with eggs from birds fed the sulfate source diet. Better quality rates were observed in variables related to shelf life for the group that received CAPC. Trace mineral sources and recommendations in the diets of high genetic potential laying hens need to be reassessed and allow us to conclude that totally replacing the sulfate for different recommendations of CAPC in laying hen diets helps to improve quality characteristics as well as the nutritional value of eggs.
Introduction
Microelements are involved in numerous metabolic functions and are essential for the normal growth of living organisms because they act as catalysts or enzymatic components of many cells (Świątkiewicz et al., 2014) . Due to their importance in various metabolic processes, in practice, these elements are added in high quantities to poultry diets, which can lead to a high concentration of microelements in the animal body and, consequently, higher excretion and accumulation in the environment, especially in areas with intensive poultry production. For example, in the production of broilers, it was found that 94% of the ingested zinc was excreted in the environment (Mohanna and Nys, 1997) . For
Non-ruminants
Different trace mineral sources and recommendations in the performance and quality of eggs from Dekalb White layers this reason, more bioavailable sources of trace minerals have been developed and are available in the market, so that they can be added to the diet of laying hens at smaller quantities when compared with inorganic minerals (oxides and sulfates), without any negative effect on productive performance. Several studies have shown that complexed minerals have greater bioavailability than inorganic sources for laying hens (Świątkiewicz and Koreleski, 2008; Sun et al., 2012) . Organic sources of Cu, Zn, and Mn improve egg shell quality in comparison with the inorganic sources (Klecher et al., 2002; Stefanello et al., 2014 , Yenice et al., 2015 .
The development of higher biological value sources alone is not enough to achieve the best genetic potential of modern laying hens. Adjusting the levels used according to the needs of the birds is more efficient than additional supplementation in high doses because the ratio of antagonism and synergism between trace minerals and the real needs of laying hens needs to be fully understood; thus, it is important that subsequent experiments be carried out to define these ideal levels.
R. Bras. Zootec., 47:e20170235, 2018 The benefits of genetic selection that have created the modern laying hen able to produce 500 eggs in a cycle that can reach 100 weeks, with improvement in laying persistence while maintaining egg quality and skeleton health, only reaches this objective when accompanied by the evolution of nutrition heavily adapted to the needs of the birds, not just production, but also the metabolic processes, in which microelements act directly and are essential (Bain et al., 2016) .
The practical results of supplementing poultry diet with different minerals remain controversial, due to the differences between sources, levels used, chelation strength, and ligand minerals (House et al., 1997; Li et al., 2004) . This has led to the pursuit of new studies to confirm the efficiency of different mineral sources to replace inorganic sources. Considering the foregoing, this work aimed to evaluate the performance and egg quality of Dekalb White layers receiving supplementation of a high biological value mineral, carbo-amino-phospho-chelates -CAPC (DSM, Nutritional Products, Brazil), compared with inorganic minerals in the form of sulfates, at different recommended values.
Material and Methods
This experiment was conducted in Areia, Paraíba, Brazil (06º57'48" S latitude and 35º41'30" longitude West of Greenwich). Research on animals was conducted according to the institutional committee on animal use (case no. 148/2015). Three hundred and twenty birds of the Dekalb White breed were used, with 53 weeks of age in the beginning of the study, distributed in a completely randomized design between two treatments and 10 replicates of 16 birds each; the experimental period was 24 weeks. The diet was formulated based on corn and soybean meal according to the recommendations in the Dekalb White breed manual (Table 1) .
The treatments used were: CAPC (DSM-recommended levels, mg/kg): Cu, 8.6; Fe, 43.7; Mn, 56.4; Se, 0.34; and Zn, 43.7 ; and control -inorganic minerals (sulfate) (levels according to recommendation for the breed, mg/kg): Cu, 8; Fe, 60; Mn, 70; Se, 0.25; and Zn, 60 . The differences between formulated and analyzed levels are related to the minerals found in the diet ingredients ( Table 2) . As the availability of trace minerals in the ingredients is not known, they were not considered in the formulation of diets or experimental products.
The birds were housed in a conventional laying shed, covered with clay tile, with a trough-type feeder and a nipple drinker, grouped in galvanized wire cages measuring 24 × 37 × 41 cm. The experiment lasted 168 days, split into six periods of 28 days each, from August 2014 to February 2015.
The animal performance parameters were evaluated: feed intake (g/bird/day), egg production (%), egg weight (g), egg mass (g), and feed conversion ratio by egg mass (kg/kg) and by dozen (kg/dozen), and in the last three days of each 28-day period, 10 eggs per replicate were used to evaluate egg quality variables (shell thickness, shell strength, weight and percentage of yolk, shell, and albumen, specific gravity, Haugh unit, and yolk color). For the trace mineral concentration analysis, 60 eggs were collected per treatment at the end of the third period and dehydrated in the L101 model freeze-dryer. The trace minerals were analyzed, the samples were homogenized, weighed, subjected to digestion in acid medium under heat, dilution according to mineral content and calibration curve, and reading via inductively coupled plasma optical emission spectrometry (ICP-OES).
The quality of eggs stored at room temperature (shelf life) was analyzed at the end of the second experimental period (61 weeks old), when 30 eggs per replicate were selected and stored at room temperature (25 °C). In total, 300 eggs per treatment were observed and evaluated at 0, 4, 8, 16, and 21 days of storage for the variables: albumen weight and percentage, shell thickness, specific gravity, Haugh unit, and yolk color.
The variables were analyzed using the Statistical Analysis System computer program, version 9.4, an ANOVA analysis of variance was performed, and the means were compared by the t test at 5% probability.
Results
Supplementation with CAPC was observed to increase (P<0.05) feed intake, egg weight, and egg mass compared with birds that received sulfate in the diet (Table 3) .
Regarding mean weights of components and the internal and external quality of eggs from lightweight laying hens receiving supplementation of different trace mineral sources and recommendations, in the total experimental period (Table 4) , the yolk weight, percentage of shell, and yolk color were influenced (P>0.05) by mineral sources. Supplementation with inorganic mineral only increased the percentage of yolk (P = 0.0040). Supplementation with CAPC increased albumen weight (P = 0.0398), albumen percentage (P<0.0001), shell weight (P = 0.0109), shell thickness (P = 0.0012), shell strength (P<0.0001), and Haugh unit (P = 0.0197).
The internal quality of eggs from hens fed CAPC, measured with the Haugh unit, was maintained higher in all evaluated weeks, except for experiment week 77 (Table 5) . The same behavior occurred with external quality (shell), shell thickness (except week 57) (Table 6) , and shell strength parameters in the evaluated periods (Table 7) .
Birds receiving supplementation of CAPC had higher iron and zinc levels than birds receiving sulfate (Table 8) , a response to the increased bioavailability of the CAPC source when compared with sulfates. For manganese, the result was the opposite. It is worth mentioning that, in addition to the source, the levels included in the diet were also different between the treatments. The internal quality of eggs stored at room temperature remained higher in eggs from birds receiving minerals in the form of CAPC during all analyzed periods (Haugh unit) ( Table 9 ). Better rates were observed for albumen percentage, shell thickness, and yolk color, when compared with eggs from birds supplemented with sulfates.
Discussion
Similar results in relation to performance variables were reported in other studies comparing different sources of trace minerals to supplementation with inorganic sources Świątkiewicz and Koreleski, 2008; Maciel et al., 2010) .
Supplementation with CAPC increased the weight and albumen percentage in relation to the control diet using sulfates, and it maintained yolk weight throughout the experiment. On the other hand, eggs from birds receiving supplementation with the inorganic mineral source presented higher yolk percentage when compared with CAPC. This increase seen in yolk percentage may be related to the increased age of the birds. According to Carvalho (2012) , eggs from older hens present higher total weight, higher yolk percentage and weight, and lower albumen and shell percentage.
A study conducted by Rutz et al. (2003) showed that supplementing layer diet with selenium, in a more available source, tended to show improvement in performance, yolk and albumen weight, as well as a consistent increase in albumen quality and improvement in yolk color, indicating a positive effect on the absorption and protection of seleniumsoluble substances. According to Gravena et al. (2011) , organic selenium, in the form of selenium-methionine, influences egg quality, since it participates in the synthesis of proteins deposited in the albumen.
Shell quality is a critical point for the poultry industry because it influences the economic profitability of egg production and hatchability. Eggs that are more resistant to breakage and without defects on the shell are essential for protection against the penetration of pathogenic bacteria, such as Salmonella sp. (Świątkiewicz and Koreleski, 2008) .
As a result of this experiment, by supplementing hen diet with CAPC, we obtained eggs with thicker shells and more resistant to breaking when compared with eggs from birds that received the inorganic mineral supplementation, and these qualities are maintained even with the advancing age of the birds. Similarly to Świątkiewicz and Koreleski (2008) , Venglovská et al. (2014) , Xiao et al. (2014 Xiao et al. ( , 2015 , Mabe et al. (2003) , and Stefanello et al. (2014) , who studied different sources of trace minerals, we can affirm that minerals in the form of CAPC improve not only the strength, but also the shell thickness, egg component weights, and albumen quality.
The improvement in quality of laying hen eggs, especially in the variables related to shell, should be attributed primarily to the mineral source, which is the CAPC, because it was better utilized by the animals Regarding copper, its role in egg shell formation has not been fully elucidated, but we know that there is a high concentration of this mineral in the isthmus, where the eggshell is formed (Vicenzi, 1996) . It is also an integral part of the enzyme lysyl oxidase, which is important in the formation of collagen found in the eggshell membrane (Świątkiewicz et al., 2014) .
Thus, according to Stefanello et al. (2014) , zinc, manganese, and copper can positively modify the eggshell properties by the formation of calcite crystals, in addition to altering the crystal structure of the eggshell. We can, therefore, associate all positive egg quality effects with the supplementation with more available source minerals.
According to Mabe et al. (2003) , when supplementing birds with trace minerals from more available sources and inorganic source, an increase in the concentration of zinc and manganese in the yolk was observed for the most available source, while copper concentration was unaffected. In the study by Skrivan et al. (2005) , there was an increase in iron concentration in the yolk when hens fed diets supplemented with more available compared with the inorganic source, bringing benefits to the bird diets. Additionally, the importance of some minerals found in the evaluated product should be underscored. These minerals may affect egg quality because they have catalytic properties, acting on key enzymes involved in the membrane and egg shell formation process, or by interacting directly with the calcite crystals (Mabe et al., 2003) .
One of the minerals present in CAPC is manganese, which has an influence on synthesis of the egg internal and external membranes, granting greater resistance to breaking. This mineral acts as an activator of the enzyme glycosyltransferase in the synthesis of glycosaminoglycans and glycoproteins, which contribute to formation of the organic matrix of the egg (Stefanello et al., 2014) .
According to Świątkiewicz et al. (2014) , zinc is important for shell synthesis because it is a cofactor of carbonic anhydrase, an enzyme that forms calcium and phosphorus crystals and contributes to calcium fixation in the form of calcium carbonate in the eggs, and it improves strength when combined with manganese. minerals, either combined or individually. Such results were also observed in the study by Bittencourt et al. (2011) , in which eggs from birds that received CAPC in the diet had higher iron deposition. The study by Bahakaim et al. (2014) demonstrated that birds fed diet supplemented with zinc-methionine presented higher values of this mineral when compared with the inorganic source. According to the same author, this increase may have occurred due to the higher bioavailability of the source. Kim and Patterson (2005) and Plaimast et al. (2008) observed an increase in zinc deposition in the egg linearly with the diet levels. The increased zinc in the egg was probably due to the increased production of vitellogenin, the glycoprotein carrier of this trace mineral from the liver to the egg yolk.
The shelf-life test variable results matched the study by Pappas et al. (2005) , which confirmed that mineral supplementation can attenuate the Haugh unit reduction in stored eggs. Franco and Sakamoto (2005) also found that layers fed diets supplemented with selenium, zinc, and manganese bound to organic molecules maintained internal egg quality during the storage period at room temperature and in the refrigerator.
During the storage period, a decrease in egg and albumen weights and albumen percentage was observed, and conversely, an increase in yolk weight and yolk and shell percentage, which is associated with the decreased water in the albumen. This reduction is associated with the intense loss of CO 2 and water to the medium through the shell, due to storage temperature, storage period, relative humidity, and porosity of the shell (Pombo, 2003; Moura et al., 2008; Santos et al., 2009; Freitas et al., 2011) . Moreover, according to Gonzales and De Blas (1991) , when the egg is subjected to storage, physical and chemical reactions occur, which can degrade the protein structures found in the albumen; such reactions lead to the water associated with large protein molecules that pass into the yolk through osmosis. This excess water increases the size of the yolk and weakens the vitelline membrane, making it appear flatter when broken on a flat surface. With aging of the egg, the vitelline membrane of the yolk becomes more permeable, allowing moisture from the albumen to be incorporated into the yolk, increasing its size (Kirunda and Mckee, 2000) .
The reduction in Haugh unit values is related to the reduction in albumen height with storage days. According to Albino (2014) , the chemical changes during storage that cause a decrease in albumen height are unclear, but there may be several causes, and some are attributed to ovomucin proteolysis, cleavage of disulfide bridges, and the interactions between α and β ovomucins. According to Sun et al. (2012) , the effects of copper and chelated zinc in their study may have diminished the dissociation of ovomucin-lysozyme, a compound that maintains the integrity of albumen viscosity.
According to Franco and Sakamoto (2005) , supplementation with organic selenium may allow the maintenance of the internal quality of the egg, especially in storage periods, justifying the improvement in albumen quality observed in this study. Some studies have shown that trace minerals of higher biological value, such as zinc, manganese, and selenium, are transferred more efficiently to the egg when compared with inorganic sources, and in the case of selenium, it is mainly deposited in the albumen, while the selenium from the inorganic source is transferred to the yolk (Latshaw and Osman, 1975; Miles, 2000) . Thus, selenium can improve albumen consistency, extending the shelf life period (Pan et al., 2010) .
Eggs from laying hens that received mineral supplementation in the form of CAPC had thicker shells during storage days. This may have been due to the fact that compound trace minerals have a higher bioavailability when compared with the inorganic source, and at the time of eggshell formation, zinc, manganese, and copper, active participants in this process, were more absorbed, consequently leading to thicker shells from the beginning of the storage period.
The egg quality offered to the consumer has increased consumption of this product and the use of its nutritional advantages by the population. This is due to a set of characteristics that influence the degree of acceptance in the market. Egg is considered a perishable food, and it starts losing internal quality as soon as it is laid. As such, proper measures must be taken for its preservation, considering that loss of quality is an inevitable phenomenon that happens gradually over time and can be aggravated by several factors (Barbosa et al., 2008) .
The increase in concentration of trace minerals that can act by reducing the oxidative process by antioxidant action and which improve shell quality by reducing the gas exchanges only slow this natural process in storage.
Conclusions
Total replacement of the sulfate source of trace minerals for another of higher biological value (carboamino-phospho-chelates) has little influence on the performance of birds, and levels can be adjusted without harming production. On the other hand, carbo-aminophospho-chelate contributes to better egg shell formation, albumen quality, and nutritional value, thus representing a benefit to the producer because they will have more resistant and fresher eggs in the production, transport, and storage process.
